Influences of the compressibility on aerodynamic characteristics of profile under the transonic flow theory by Ngoc, Hoang Thi Bich
Vietnam Journal of Mechanics, VAST, Vol. 29 , No. 4 (2007) , pp . 497 - 506 
INFLUENCES OF THE COMPRESSIBILITY ON 
AERODYNAMIC CHARACTERISTICS OF PROFILE 
UNDER THE TRANSONIC FLOW THEORY 
HOA NG THI BICI-I NGOC 
Hanoi Universit y of Technology 
Abstract. Transonic flows are complex problems. At cer tain Mach nu mbers, in gas 
flows t here are local transitions from the subsonic into the superson ic and reciprocally, 
especially the discontinuity throughout shock waves. Subsonic flows and supersonic flows 
have very different properties, thus calcu lat ion methods are also different - the subsonic 
equation is elliptic and the supersonic equation is hyperbolic. Using established pro-
grams (based on the incompressibl e theory, the compressible theory and the transonic 
theory), we studi ed sub-t ransonic flow characteristics with variations of the Mach num-
ber. Our studies are a lso carried out with variations of incidence, whi ch impact on t he 
transonic effect . Numerical results show that the local compressibility depends on not 
only the speed but also the incidence. At a rather great angle of attack, local supersonic 
regions can appear with free Mach numbers in the order of 0.3 - t he Mach number is 
normal ly considered as a speed of incompressible flows. According to these results, we 
can recognize for wh ich regime the local compressibili ty of flow is considerable and then 
it is necessary to consider the problem under t he transonic flow t heory. 
1. INTROD UCTION 
The transonic flow is a mixed flow in which there are locally subsonic and supersonic 
regions, normally wit h free stream Mach numbers from 0.7 to 1.2 (Fig. 1). However , 
experiences and calculations show that transonic flow properties depend also on the body 
geometry. By using established programs to calculate flows around a profile, it depend 
on incidences, a supersonic point can occur even Mach number NI ::; 0.3. The transonic 
flow is a complex problem, especially when taking into account t he viscosity, the problern 
needs always-experimental results. \ i\Tith advantages of sub-transonic flows (JV! < 1), 
they are generally used in the civil transportation. In the world, they study transonic 
flows experimentally and numerically. In our country, studies of transonic and supersonic 
flows are a beginning. vVe realized and publicized some computational study works for 
supersonic flows, and t hen transonic flows . In t his work, we approach numerically t he 
ste2.11y isentropic potential plan problem and compare the calculated results with published 
results. Numerical essays show more clear the nature of t he transonic flow and influences 
of fluid compressibili ty on aerodynamic characteristics under the transonic t heory. Since 
t hen, we can see optimal and efficacy application domains of the flow type. 
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2 .  E S T A B L I S H E D  P R O G R A M S  
W e  p r o g r a m m e d  s u b - t r a n s o n i c  p r o b l e m s  b y  t h r e e  w a y s :  
1 .  b a s e d  o n  i n c o m p r e s s i b l e  f l . o w  t h e o r y ;  
2 .  b a s e d  o n  c o m p r e s s i b l e  f l o w  t h e o r y ;  
3 .  b a s e d  o n  t r a n s o n i c  f l . o w  t h e o r y .  
2 . 1 .  M e t h o d s  f o r  i n c o m p r e s s i b l e  a n d  c o m p r e s s i b l e  f l o w  c a l c u l a t i o n s  
A  c o d e  f o r  i n c o m p r e s s i b l e  f l o w s  i s  p r o g r a m m e d  a c c o r d i n g  t o  s i n g u l a r i t y  m e t h o d  w i t h  
l i n e a r  v o r t e x e s  [ 1 ] .  A t  a  p o i n t  P ,  f o r m u l a s  c a l c u l a t i n g  v e l o c i t i e s  i n d u c e d  f r o m  a  v o r t e x  
d i s t r i b u t i o n  o f  s t r e n g t h  I  =  1 0 + 1 1 . x  c a n  b e  w r i t t e n  a s  f o l l o w i n g s  (  1 0  a n d  1 1  a r e  c o n s t a n t )  
[ 2 ] :  
I O  (  - 1  Y  - 1  Y  )  
u p  = - t a n  - - - t a n  - -
2 n  X  - X 2  X  - X 1  
[  
(  )
2  2  ' (  )  ]  
1 1  X  - X 1  +  Y  .  - 1  Y  - 1  Y  
+  - z .  l n  (  )
2  2  
+  2 x  t a n  - - - t a n  - - ,  
4 7 f  X  - X 2  +  y  X  - X 2  X  - X 1  
- 1 0
1  




w  = - - n - - - - -
P  4 n  ( x - x 2 ) 2 + y 2  




(  - 1  Y  - 1  Y  ) ]  
- - - l n  + ( x 1 - x 2 ) + y  t a n  - - - t a n  - -
2 n  2  ( x  - x 2 )
2  
+  y 7
2  
x  - x 2  x  - x 1  
( 2 . 1 )  
v V e  d i v i d e  t h e  p r o f i l e  c o n t o u r  i n t o  N  p a n e l s  w i t h  l a w  x  =  ~ (  1  - c o s  a )  t o  n a r r o w  g r i d s  
n e a r  t h e  l e a d i n g  e d g e  a n d  t h e  t r a i l i n g  e d g e ,  c o r r e s p o n d i n g l y  t h e r e  a r e  N  c o n d i t i o n s  o n  t h e  
s u r f a c e  a n d  a  J o u k o v s k i  c o n d i t i o n .  L i n e a r  e q u a t i o n s  a r e  w r i t t e n  u n d e r  f o l l o w i n g  m a t r i x :  
a n  
a 1 2  
a 2 1  a 2 2  




a 1 , N + l  
a 2 , N + l  
a N , N + l  
1  
I  I  7 1  
1 2  
x  l  ~~+I 
R 1  
R 2  
R N  
0  
( 2 . 2 )  
w h e r e  a i j  =  ( u ,  w ) i j · n i ,  ( n i  i s  t h e  n o m a l ) ;  R i  =  - ( u o o ,  w
0 0
) . n i .  S o l v i n g  t h e  e q u a t i o n  
s y s t e m  ( 2 . 2 ) ,  w e  o b t a i n  v a l u e s  o f  s i n g u l a r i t i e s  I i  [ 1 ] .  
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The subsonic compressible flow is calculated by using the linear theory of P randtl and 
Glauert which consider the Mach number by taking into account the formula Vl - 1VJ2 
[3]. 
2 .2 . Methods for transonic flows 
Codes for t ransonic flows are programmed according to methods of full potential equa-
t ion and small disturbance equation. 
2.2.1. Transonic small disturbance method 
a. Equation 
For thin and slender objects with small incidence, disturbances are considered small: 
cpx/Vx:; << 1; cpy/V00 << 1 (where cp is disturbance potential, V00 is free-stream velocity, 
cpx and cpy are derivatives). Vie have small disturbance equation as following [4]: 
[ 1 - M~ - ('y + 1) M~ ( ~: ) ] <pxx + cpyy = 0. (2.3a) 
Under the derivative form of first order: 
[ (1 - M~) cpx - (t + 1) ~=cp; L + [cpy]y = 0 (2 .3b) 
with I being t he rat io of specific heats at constant pressure and constant volume Cp/Cv. 
The equation (2 .3) can be witten under form: 
Acpxx + cpyy = 0, (2.4) 
where 
(2 .5) 
It depends on sign of A (A < 0, A = 0, A > 0) that the equation has hyperbolic 
or parabolic or elliptic types and we can see then the transition from subsonic regime to 
supersonic regime, and reciprocally. 
b. BoundaT?J conditions 
Boundary conditions on the surface-: cpy = V 00 ~; (Y is geometry law of the sur-
face). Down the trailing edge at cut line, we have : § V.ds = § d¢ = 6.¢ = f (with 
airfoil 
r is circulation) . Far field condition for subsonic free stream, using the linear con-
dition (1 - M~) cpxx + cpyy = 0, neglecting the term (t + 1) M~ (-t!), we have: 
cp = £r arctan ( /1 - M&i~) . 
c. Grid generation 
In this case, the profile is modeled as a sli t . All of nodes surrounding t he profile make 
up an or thogonal grid , which includes horizontal and vertical lines, with laws: 
6.xi+l = K16.xi; 6.Yi+l = K26.Yi 
Coefficients K1 and K2 are more than unity. The tangent ial condit ion on upper and 
lower put in mid line: 
dY/ (cpi,jbody + 1 / 2)y = Voo d . ; 
X i,upper 
dY/ (cpi,jbody - 1 /2)Y = Voo d . 
X 1,lower 
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S h o c k  w a v e  
( i - 1 , j ) I /  ( i , j )  
M > 1  M < 1  
F i g .  2 .  G r i d  ( 1 1 1 x 6 6 )  F i g .  3 .  S h o c k  w a v e  a n d  d i s c o n t i n u i t y  
d .  D i s c r e t i z a t i o n  a n d  s o l v i n g  l i n e a r  a l g e b r i c  e q u a t i o n  
\ i V r i t e  s m a l l  d i s t u r b a n c e  e q u a t i o n  u n d e r  f o r m :  
E J P  +  E J Q  =  0  
o x  E J y  '  
- (  2 )  (  ) ! : ! l s _ (  ) 2 · Q -
w h e r e  P  - 1  - M
0 0  
C f ! x  - " (  +  1  
2
v
0 0  
' P x  ,  - ' P y  
( 2 . 6 )  
T h e  s i g n  c f f  A  d e c i d e s  t h a t  s m a l l  d i s t u r b a n c e  e q u a t i o n  i s  i n  f o r m s  o f  e l l i p t i c  o r  h y p e r -
b o l i c .  D i s c r e t i z a t i o n  e q u a t i o n  f o r  s u b s o n i c  a n d  s u p e r s o n i c  r e g i o n s  i s  w r i t t e n  a s  f o l l o w i n g :  
P i + 1 / 2 , J  - P i - / 2 , J  +  Q i , J + l / 2  - Q i , J - 1 / 2  
6 x i  +  6 x i + l  6 y j  +  6 y J + l  
_  ( '  . P i + l / 2 , j  - Pi - / 2 , j  _ ,  . p i - 1 / 2 , J  - P i - 3 / 2 , j ) - o  
U i ]  U i - 1 ]  - ·  
'  6 x i  +  6 x i + 1  '  6 x i  +  6 x i + 1  
( 2 . 7 )  
A t  t h e  d i s c o n t i n u i t y  p o i n t  o f  s h o c k  w a v e ,  t h i s  e q u a t i o n  m a k e  e x p a n s i o n  o f  g r i d  o n  f o u r  
n o d e s :  ( i  - 2 ,  j ) ;  ( i  - 1 ,  j ) ;  ( i ,  j ) ;  ( i  +  1 ,  j ) ;  ( i  +  2 ,  j )  ( F i g .  3 ) .  F o r  s u p e r s o n i c  f l o w s ,  t h e  
p e r t u r b a t i o n  p r o p a g a t i o n  i s  a l o n g  t h e  m o v e m e n t ,  5 i , j  a n d  J i - l , j  a r e  e q u a l  t o  u n i t y .  F o r  
s u b s o n i c  f l o w s ,  6 i , j  a n d  6 i - l , j  a r e  e q u a l  t o  z e r o .  
T h e  e q u a t i o n  i s  s o l v e d  b y  i t e r a t i v e  m e t h o d :  
6  _  n + l  n  
' P i , j  - ' P i , j  - ' P i , j ·  
( 2 . 8 )  
A  g o o d  a l g o r i t h m  w i l l  g i v e  e x a c t  s o l u t i o n s  w h e n  6 c p  _ _ ,  0  a t  a l l  o f  n o d e s  a f t e r  s o m e  
i t e r a t i o n s .  
L i n e a r  e q u a t i o n  s y s t e m  o f  u n k n o w n s  c p  c a n  b e  w r i t t e n :  
B i , J 6 C f ! i - 1 , J  +  C i , J 6 C f ! i - l , J  +  D i , J 6 . ' P i , J  +  E i , J 6 . C f ! i + l , J  
+  F i , J 6 ' P i , J - 1  +  G i , J f : l ' P i , J + l  =  R f . j ·  
T h e  r i g h t  m e m b e r  i s  r e s i d u a l  a t  i t e r a t i o n  l e v e l  ' n ' ,  w h i c h  i s  k n o w n .  
p n+ l / 2  ·  - p n  1 / 2  ·  Q n  1 / 2  - Q n  ·  1 / 2  
R n .  =  i  , 1  i - ,
1  
+  i ,
1
+  , ,
1
-
i , J  6 x i  +  6 x i + I  6 y j  +  6 y j + I  
(  
n  n  n  n  )  
0  
.  P i + l / 2 , j  - P i - l / 2 , j  _  O ·  .  P i - 1 / 2 , j  - P i - 3 / 2 , j  
t , J  "  +  "  .  i - 1 , J  "  +  "  '  
D . X i  D X i + l  D X i  D X i + l  
( 2 . 9 )  
( 2 . 1 0 )  
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A;-1 ; 2,j + A; + 1/ 2,j 
D · · = - (1 - 8 ·) t ,J t,J /',. x; /',. x;+1 l:i. xi + l:i. xi+l 
1 (Ai- 1/21 ) + 8i- 11 - - --- - --,._-x-·,· -' - (Fi ,j + Gi,J) . 
' (l:i.xi + l:i.xi+1) u 
(2.11) 
The equation (2 .9) is solved by line successive over relaxat ion scheme with matrix of 
two diagonals. 
2 .2 .2. Full potential equation method 
The full potential equat ion has following form [4]: 
(a2 - u2) ¢xx - 2uv¢xy + (a2 - v2) c/>yy = 0, 
where ¢ is total potential. 
Boundary conditions on profile are: 
dY 
c/>y = Voo dx ' 
where Y is the geometry of profile contour . 
Fig. 4. 0 grid (31 x81) 
(2.12) 
(2.13) 
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B o u n d a r y  c o n d i t i o n s  a t  t r a i l i n g  e d g e  ( d i s c o n t i n u i t y  o f  p o t e n t i a l  a c r o s s  w a k e  a x i s )  a r e :  
f  d<f> =~ </> =  r .  
( 2 . 1 4 )  
T h e  m e t h o d  a n d  t h e  a l g o r i t h m  o f  s o l v i n g  t h i s  f u l l  p o t e n t i a l  e q u a t i o n s  ( 2 . 1 2 )  a r e  p r e · ·  
s e n t e d  i n  [ 5 ] .  
W h i l e  f o r  t h e  s m a l l  d i s t u r b a n c e  p o t e n t i a l  m e t h o d  p r o f i l e s  a r e  c o n s i d e r e d  v e r y  t h i n ,  
f o r  t h e  f u l l  p o t e n t i a l  m e t h o d  t h e  p r o f i l e  t h i c k n e s s  i s  t a k e n  i n t o  a c c o u n t ,  m a k i n g  u p  g r i d  i s  
m u c h  m o r e  c o m p l e x .  H e r e  w e  u s e  L a p l a c e  e q u a t i o n  t o  g e n e r a t e  a n  c u r v i l i n e a r  s u r r o u n d i n g  
a i r f o i l  ( e l l i p t i c  g e n e r a t i o n )  [ 5 ] ,  [ 6 ] .  
I n  F i g .  4  a r e  p r e s e n t e d  s o m e  r e s u l t s  o f  e s t a b l i s h e d  f u l l  p o t e n t i a l  e q u a t i o n  p r o g r a m  
( F P E  p r o g r a m ) .  T h e  c a s e  ( a )  i s  c a l c u l a t e d  f o r  N a c a  0 0 1 2 ,  a n g l e  o f  a t t a c k  5 °  a n d  f r e e  
M a c h  n u m b e r  0 . 7  w i t h  r e s u l t s  o f  M a c h  f i e l d  a n d  e q u i - M a c h  n u m b e r  l i n e s .  S a m e  p r o f i l e  
a n d  a n g l e  o f  a t t a c k  5 ° ,  a n d  d i f f e r e n t  M a c h  n u m b e r  f l ! f  = 0 .  7 5  a r e  c o n s i d e r e d  f o r  t h e  c a s e  
( b )  w i t h  r e s u l t s  o f  p r e s s u r e  c o e f f i c i e n t  f i e l d  a n d  e q u i - M a c h  n u m b e r  l i n e s .  P h y s i c a l l y ,  s h o c k  
w a v e  o f  t h e  c a s e  ( b )  i s  s t r o n g e r  t h a n  o n e  o f  t h e  c a s e  ( a )  a n d  f l o w  p a r a m e t e r s  a f t e r  s h o c k  
w a v e  p o s i t i o n  a r e  v e r y  d i f f e r e n t  f o r  t h e  t w o  c a s e s .  
F i g .  5 a .  R e s u l t  o f  p r e s e n t  F P E  p r o - F i g .  5 b .  R e s u l t  o f  p r e s e n t  F P E  p r o g r a m :  
g r a m :  M a c h  f i e l d  a n d  e q u i - M a c h  n u m b e r  l i n e s  
( M i n r = 0 . 7 ;  N a c a  0 0 1 2 ;  I n c i d e n c e  5 ° )  
P r e s s u r e  c o e f f i c i e n t  f i e l d  a n d  e q u i - M a c h  n u m -
b e r  l i n e s  ( M i n r = 0 . 7 5 ;  N a c a  0 0 1 2 ;  I n c i d e n c e  5 ° )  
3 .  C O M P A R I S O N  O F  S O M E  R E S U L T S  C A L C U L A T E D  B Y  
E S T A B L I S H E D  P R O G R A M S  
F i g .  6  s h o w s  r e s u l t s  o f  p r e s s u r e  d i s t r i b u t i o n  c o e f f i c i e n t  c a l c u l a t e d  b y  t w o  m e t h o d s :  l i n -
e a r  v o r t e x  m e t h o d  ( L V M )  f o r  s u b s o n i c  f l o w s  a n d  t r a n s o n i c  f u l l  p o t e n t i a l  e q u a t i o n  m e t h o d  
( F P E ) .  W e  c a n  s e e  t h a t  d i f f e r e n c e s  o f  t w o  m e t h o d s  a r e  v e r y  s m a l l  ( f o r  N a c a  0 0 1 2  p r o f i l e ,  
M a c h  n u m b e r  M = 0 . 2 ,  a n g l e  o f  a t t a c k  a ; =  0 °  a n d  a ; =  2 ° ) .  
I n  F i g .  7 ,  a r e  p r e s e n t e d  r e s u l t s  o f  p r e s s u r e  d i s t r i b u t i o n  c o e f f i c i e n t  c a l c u l a t e d  b y  t w o  
t r a n s o n i c  m e t h o d s :  s m a l l  d i s t u r b a n c e  e q u a t i o n  m e t h o d  ( S D E )  a n d  f u l l  p o t e n t i a l  e q u a t i o n  
m e t h o d .  D i f f e r e n c e s  a r e  s m a l l  a n d  s e e n  a t  t h e  p o s i t i o n s  o f  c h o c k  w a v e .  v V e  c a n  s a y  t h a t  
i n  t h e s e  c a s e s  w h e n  r e l a t i v e  t h i c k n e s s  i s  m o r e  t h a n  1 2 % ,  f u l l  p o t e n t i a l  e q u a t i o n  m e t h o d  
g i v e  m o r e  e x a c t  r e s u l t s .  
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Fig . 6a. Comparison of results calculated 
by present FPE and LYM programs: M = 0.2 ; 
Naca 0012 ; Alfa 0° 
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CL .. : ·O.cm CD· · 0.004 Mmax•: 1.244 . RE5fl'13)1 .. 
nrrmn 
Fig . 'la. Comparison of results calculated by 
present FPE and SDE programs: M = 0.8; Arc 
123 ; Alfa 0° 
O/T PHAN 80 CP Full ~tential . 
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0.6 ······· ·-··- ·········· ······· ··· ······· ···· ···· ·· 
' ' ' 
OePhi(BO. 2) = O.ooco.J4ffi : CIRCULAR • 0.118593 , 
TOI •: 6757 ; I Cp(teu) . Cp(tel) I • 0.0028&97 : 
0.8 · ·• · ·••· CL =: 0.238 CD=·O Mmax .. : 0.27 , AESmax • 0.000009 ··· · ····: ·· 
Fig. 6b . Comparison of results calculated 
by present FPE and LYM program: M = 0.2; 
Naca 0012 ; Alfa 2° 







......... .. i .Eciu11tio_n 
Full Potentiaf 
: Equation 
-- --·:· ·- ·· ·· ······1··· ·· ···· ··- ·r···· 
De~69, 21 = o.c:o:ol:J39; CIRCULAR .. -0.ocmss · 
0.9 · • • · • · • · TO I•: 1 : I Cp(lou)-Cp(le0 I• 0.000256(); 
Q• : O.OCll CD• :0 045 Mmax· · 1 368 . RESmax· 
nrrmn 
Fig . 'lb . Comparison of results calculated by 
present FPE and SDE programs: .1\1=0.85 ; 
Naca 0012; Alfa 0° 
Fig. 8 shows t he comparison of results on pressure distribution coefficient calculated 
by our present FPE program and results of [7] calculated by transonic small disturbance 
theory equation and Euler equation for case: !Vl =0.75 , Naca 0012 , incidence 2° . Results 
are similar. Using Fluent software to calculate inviscid transonic flow of case M = 0.7; 
profile Naca 2312; 4° of incidence, and the comparison t hese results with results calculated 
by established FPE program is presented in Fig. 9. For this case of transonic flow, shock 
wave is strong - the two results are not very different , though. 
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M A C H  N U M B E R  
F i g .  1 0 .  
D e p e n d e n c e  o f  l i f t  c o e f f i c i e n t  F i g .  1 1 .  L i f t  c o e f f i c i e n t  c a l c u l a t e d  b y  t r a n -
o n  M a c h  n u m b e r  w i t h  v a r i a t i o n  o f  i n c i d e n c e  s o n i c  t h e o r y  
N a c a  0 0 1 2  a i r f o i l  
F i g .  1 0  p r o v i d e s  n u m e r i c a l  r e s u l t s  o f  l i f t  c o e f f i c i e n t  d e p e n d i n g  o n  M a c h  n u m b e r  a t  d i f -
f e r e n t  a n g l e s  o f  a t t a c k  o n  a  N a c a  0 0 1 2  p r o f i l e .  B y  c o m p a r i s o n  o f  r e s u l t s  u s i n g  t h r e e  d i f f e r e n t  
c o m p u t a t i o n a l  m e t h o d s  ( i n c o m p r e s s i b l e  t h e o r y  m e t h o d ,  c o m p r e s s i b l e  t h e o r y  m e t h o d  a n d  
t r a n s o n i c  f u l l  p o t e n t i a l  e q u a t i o n  m e t h o d ) ,  w e  c a n  s e e  t h a t  d i f f e r e n c e s  b e t w e e n  r e s u l t s  c a l -
c u l a t e d  b y  t h r e e  m e t h o d s  d e p e n d  o n  n o t  o n l y  M a c h  n u m b e r ,  b u t  a l s o  s t r o n g l y  i n c i d e n c e .  
A t  g r e a t  i n c i d e n c e s ,  t h e  d i f f e r e n c e s  a r e  c o n s i d e r a b l e  e v e n  w i t h  s m a l l  M a c h  n u m b e r .  A t  
a  =  1 ° ,  d i f f e r e n c e s  o f  r e s u l t s  c a l c u l a t e d  b y  c o m p r e s s i b l e  t h e o r y  a n d  b y  t r a n s o n i c  t h e o r y  
a r e  e v i d e n t  w i t h  M o o  d i f  2 ' .  0 . 7 7 ;  a t  a  =  3 ° e q u i v a l e n t l y  M
0 0  
d i f  2 ' .  0 . 7 5  a n d  a t  a  =  5 c  w e  
Influences of the compressibility on aerodynamic characteristics of profile . . . 505 
have M 00 dif ;:::: 0.72. Since NI00 > NI00 dif, if we consider flows are purely compressible, 
errors will become considerable. In the cases, it should use transonic methods . 
To study effects of compressibility, which depend on both the Mach number , and the 
incidence, we use the code established by full potential equation method for calculating 
the variatio.n of lift coefficients with the two paramet ers . Results are presented in Fig. 
11. With a = 1° supersonic regions appear at Mach nurriber M= alfaI = 0.7; with a = 3° 
supersonic regions appear at Mach number NI00 alfa3 = 0.6; increasing angles of attack 
a = 5° and a = 8°, equivalent free Mach numbers M oo alfa5 = 0.5 and f./foo alfa8 = 
0.4 . \ i\Then angle of attack a = 11°, supersonic regions appear at very small free Mach 
number JYI00 alfall = 0.3. We use to accept that with NI00 < 0.4 , flows are considered 
incompressible. However, according to transonic theory, a = 11° is an angle of attack at 
which there is not yet the separation phenomena on upper of a Naca 0012 , but with this 
angle of attack a supersonic region appears at a free Mach number 0.3. 
Our numerical essays show t hat only for free Mach number NI00 < 0.25 , all over the 
profile do not appear any supersonic point. 
Fig. 12 shows pressure distributions on a Naca 0012 profile with a = 5° and NI= = 0.65 
calculated by two methods: compressible theory method and transonic theory method. 
Results of lift coefficient calculated by the two methods are not very different (CL = 0.74 
and CL = 0.77). However , pressure distribution laws are very different in using the two 
methods. These laws show that the loading property on profile is very different for two 
results calculated from two theories : compressible theory and transonic theory. 
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0 . 7316 
Naca 0012, AOA 5°, M=0.65 
Compressible theory 
CL= 0.770 
Fig. 12. Pressure coefficient distribution on Naca 0012 , Alfa 5° , M= 0.65 Calculated by transonic 
theory and compressible t heory 
5. DISCUSSION 
Numerical results calculated for subsonic flows by three methods: incompressible, 
compressible and transonic permit to reduce following comments : 
For an aerodynamic profile, the local compressibility and the transonic effect depend 
on not only the free Mach number, but also the incidence. ·with great value of incidence 
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( w h e n  b o u n d a r y  l a y e r s  a r e  n o t  y e t  s e p a r a t e d ) ,  a  l o c a l  s u p e r s o n i c  r e g i o n  c a n  a p p e a r  a t  
v e r y  s m a l l  f r e e  M a c h  n u m b e r ,  i n  t h e  o r d e r  o f  0 . 3 .  
F o r  s u b s o n i c  p r o b l e m s ,  i f  t h e  i n c i d e n c e  i s  g r e a t  e v e n  w h e n  t h e  f r e e  M a c h  n u m b e r  i s  
m o d e r a t e ,  b e c a u s e  o f  l o c a l  c o m p r e s s i b i l i t y ,  i t  i s  n e c e s s a r y  t o  t r e a t  t h e  p r o b l e m s  u n d e r  
t r a n s o n i c  t h e o r y  i n  o r d e r  t o  c o n s i d e r  t h e  s h o c k  w a v e  e f f e c t .  
N o t e  t h a t  t h e  a p p e a r a n c e  o f  s h o c k  w a v e s  o n  a i r f o i l  c h a n g e s  a  l o t  t h e  l o a d i n g  p r o p e r t y  
i n  c o m p a r i s o n  w i t h  u s i n g  t h e  h y p o t h e s i s  o f  f l o w  w i t h o u t  s h o c k  w a v e .  I t  i s  e f f e c t i v e  e v e n  
w h e n  w e  o b t a i n  s i m i l a r  r e s u l t s  o f  l i f t  c o e f f i c i e n t  a f t e r  i n t e g r a t i n g  p r e s s u r e  d i s t r i b u t i o n  o n  
a i r f o i l .  
T h e  s t u d y  i s  i m p l e m e n t e d  w i t h  t h e  p a r t y  f i n a n c i a l  s u p p o r t  f r o m  N a t i o n a l  C o u n c i l  o f  
N a t u r a l  S c i e n c e s .  
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